Abstract
dewatered by filtering through a 100-mesh screen. The dewatered sludge was dried at 126 45 °C until the moisture content reached below 10% for further processing and sample 127 analysis. Multiple de-ashing cycles was applied to reduce the ash content of sludge to a 128 level (6.1% ash) that can achieve acceptable saccharification rate. PS2 indicates the paper 129 sludge de-ashed by two cycles of washing. PS3, PS4, etc. are defined accordingly. 
Enzymatic hydrolysis of paper mill sludge

141
Enzymatic hydrolysis was performed to estimate the digestibility of de-ashed paper 142 mill sludge. The experiment wascarried out in batch mode using 125 ml Erlenmeyer At the end of SSF (120 h), ABE total solvents reached 16.8 g/L with 9.5 g/L of butanol.
232
The ABE solvent yield was 0.28 (g/g glucose) and the productivity was 0.14 g/L/h.
233
SSF of alkali-pretreated switchgrass was performed with a solid loading of 5% and 234 enzyme loading of 15 FPU/g-glucan (Fig.2b) . In the first 24h, glucose (10 g/L) and 
247
In contrast to alkali-pretreated switchgrass, SSF of de-ashed paper mill sludge (7.4% 248 solid loading and 10 FPU) showed very good ABE solvents yield (Fig. 2c) . Specifically at 120 h as SSF progressed. The xylose concentration was kept at 6 g/L from 24 to 120 h.
253
Butanol was steadily produced from 24 to 120 h and reached 9.7 g/L at the end of Avicel, the total acids concentration (5.7 g/l) was significantly higher than that in SSF of 257 de-ashed sludge. Most likely, it is due to the buffering effect of ash in paper mill sludge.
258
The culture tends to produce more acids to maintain the medium pH near its optimum for 259 solvent production. Most of the solvent-producing culturesused for ABE production has
260
shown the tendency to produce high level of acids when it comes to the fermentation of 
Effect of enzyme loading onSSF of de-ashed paper mill sludge
263
To examine the effect of enzyme loading on ABE production, SSF of PS7 was 264 performed (3.8% solid loading) with different enzyme loading (5, 10, and 15 FPU/g-265 glucan) (Fig. 3a-c) . Under 5 FPU, the glucose and xylose were released in a small amount the total solvent reached 7.4 g/L, the solvent yield was 0.20 g/g sugars and the concentrations from paper sludge were 5-34% higher than that from dilute acid pretreated 332 wheat straw (Table 3 ). The ABE yields from paper sludge were similar to that from dilute 333 acid pretreated wheat straw. In comparing ABE production in SSF and SHF processes, 334 the ABE yields in SHF process appeared relatively higher than those in SSF process, but Table 2 Effects of solid loading and enzyme loading on SSF of paper mill sludge. 
Solid loading
